I. INTRODUCTION Recent work on the relationship of B. acidophilus to dental caries has developed the need for a special method for quantitative determination of B. acidophilus in the mouth. This has become especially important for further work along two lines; namely, use in comparative studies of the incidence of B. acidophilus in caries-susceptible and caries-free subjects, and in connection with attempts to reduce, by various prophylactic and dietary measures, the aciduric flora of the mouth in extreme cases of caries. Earlier work on these two aspects of dental caries has been carried out solely by qualitative means, the only available criterion for the presence of B. acidophilus in the mouth having been its growth in acid glucose-broth cultures. This test is referred to as qualitative in the sense that either a few organisms or several thousand, in the material inoculated, give the same final reading. This relatively crude method has, however, revealed striking differences between caries-susceptible and caries-free subjects. In cases of active caries, positive cultures of B. acidophilus are almost invariably obtained from tooth-scrapings and from saliva, although a majority of subjects continuously free from caries show negative cultures, particularly from tooth-scrapings (1). Our findings have been confirmed by Thompson (9) , and Enright, Friesell, and Trescher (2) , but were not verified by Tucker (10) . It has been our opinion that, in the small number of caries-free cases from which positive broth cultures have been obtained, determinations of the actual number of B. acidophilus in the inocula would have shown a striking contrast to the number present in the inocula from caries-susceptible cases. If this were true, it might explain why some caries-free individuals more or less constantly give positive cultures of B. acidophilus and yet do not develop caries: for, if only a few of these organisms are present in the mouth, the fact indicates that conditions there are not conducive to their growth, and implies that caries will not develop unless a sufficient number of organisms are present to produce the required amount of acid.
With regard to study of the effect of clinical treatment on the aciduric flora of cases of extreme caries, it is obvious that the qualitative broth-method does not reveal gradual numerical decrease of these organisms. A method of quantitative examination is essential for studies of this character.
II. METHODS Rodriguez (7) recently devised a medium by which, he believed, colonies of B. acidophilus could be recognized and differentiated from those of other mouth organisms. The medium consists of 10 percent horse-serum agar (pH 7.2), which, after inoculation, is incubated anaerobically in an atmosphere containing 10 percent of carbon dioxide. It was stated that by this method B.-acidophilus colonies developed an opaque halo, which the organisms that produced less acid did not exhibit. In our laboratory, however, this test has not given dependable results, since colonies other than those of B. acidophilus frequently showed the halo. Many special media have been recommended for the cultivation of B. acidophilus, from the intestines or from milk. It was considered possible that one of these might give the differential results required for studies on oral acidophilus. The caseindigest agar of Kulp and Rettger, the vegetable-peptone agar of Bachman and Frost, and the tomato-peptone agar of Kulp, are the better known. Any of these may be used for the enumeration of B. acidophilus in commer-cial-milk preparations, in which the organism is present in pure culture. We have found, however, that none of them permits a satisfactory differentiation of oral B. acidophilus from certain other mouth bacteria since several cultivable mouth species, particularly the streptococci, grew as well as acidophilus on these media.
Howitt and Fleming (4) Figs. 1 and 2 show the result of spreading equal amounts of the same sample of saliva on two kinds of medium: glucose beef-infusion agar (pH 7.0) and tomato-peptone agar (pH 5.0). The inhibitory effect exercised on many mouth organisms by the latter medium is well illustrated. Only B. acidophilus and yeast colonies grew on the acid medium, whereas yeast, streptococci, staphylococci, and B. acidophilus were present on the neutral agar. Figs. 3-7 show the three most common colonial and morphological types of B. acidophilus, from saliva, growing on tomato agar (pH 5.0). These were designated Types I, II, and III in an earlier publication (3 B. Collection of sample. For the purpose of enumerating B. acidophilus in mouths of caries-susceptible or caries-free patients, the following procedure is successful: The patient is instructed to chew a small piece of paraffin vigorously for three minutes, moving the paraffin alternately from side to side of the mouth to dislodge from the teeth as much deposit as possible. During this time the sample of saliva, collected in a tube graduated to 10 cc., usually varies in amount from 2 to 8 cc. Its volume is made up to 10 cc. with sterile physiological salt solution. The organisms dislodged by three minutes of chewing are therefore always suspended in the same amount of fluid, so that the error caused by the varying rate of flow of saliva is minimized. The tube is shaken by hand for 30 seconds, and is then ready for dilution.
C. Dilution of sample. To facilitate counting, it is necessary to adjust the dilutions of saliva to the relative numbers of organisms in the mouth of the caries-susceptible or the caries-free patient. For caries-susceptible cases: to each of two tubes, containing respectively 4 cc. and 19 cc. of sterile physiological salt solution, is added by pipette 1 cc. of saliva sample, thus giving dilutions of 1-5 and 1-20. After these dilutions have been thoroughly shaken, 0.1 cc. from each is placed on the center of a hardened and well-dried tomato-agar (pH 5.0) plate. With a sterile, bent glass-rod, the inoculum is spread evenly over the surface. Plates are incubated, inverted, at 370C. for three days, and the colonies then counted. The final count from the 1-5 dilution must be multiplied by 50, and that from the 1-20 dilution by 200, to give the number of bacteria per cc. of saliva. After the first test has been made, it is often necessary in subsequent tests to alter the dilution for a certain patient, if the colonies are found to be either too sparsely distributed or too crowded. It may thus be necessary to spread on the agar 0.2 cc. of the 1-5 dilution of saliva from a patient with a very small amount of caries, while 0.1 cc. of 1-100 or 1-500 dilution may be sufficient for an extremely active case. The same dilution is usually satisfactory for future tests, unless treatment is administered for the purpose of reducing the aciduric flora. Under such circumstances the dilution must be lowered.
In the case of caries-free patients, no saline dilution of saliva is as a rule necessary (the volume correction to 10 cc. is made as in susceptible cases). Until a favorable range is determined for a given case, two plates are spread as above with 0.1 cc. and 0.4 cc. of the undiluted but well-shaken saliva sample, the counts being multiplied in such cases by 10 and 2.5 respectively. In a majority of instances, the 0.4-cc. plate remains free from growth of B. acidophilus, and is frequently sterile; larger amounts of saliva cannot satisfactorily be spread over the surface of the agar. The 0.4 cc. plate must be allowed to dry well before being inverted and incubated.
Figs. 8 and 9 demonstrate the distinct and characteristic difference between salivas from caries-susceptible and from caries-free individuals. The caries-susceptible plate (0.1 cc. of 1-10 dilution) shows both yeast anci acidophilus colonies; the caries-free plate (0.4 cc. undiluted) shows only colonies of M. tetragenus.
III. QUANTITATIVE DETERMINATION OF B. ACIDOPHILUS IN CARIES-SUSCEPTIBLE AND CARIES-FREE CHILDREN
Using the quantitative method described above, a group of thirtyone children, 9-16 years old, was studied over a period of 18 months. Very careful dental examinations were made at the beginning of this period; also at the end of 12 months, and again at the end of 18 months.2 Fourteen children during this time developed active caries (thirteen had previously had caries, while one had been free from caries up to this 18-month period). Ten children, who had always been free from caries, had no new lesions at the end of the 18 months. The remaining seven children became "clinically questionable;" that is to say, it was impossible to determine whether new caries had occurred during this time. For this reason the bacteriological findings on the last saliva, whereas that for the 10 caries-free cases (total of 69 examinations) was 600. The range of individual counts for the susceptible group was extremely wide, varying from a few hundred to 500,000, with a majority over 20,000. In the caries-free group the range was from 0 to 20,000, a majority of counts being 0-win 81 percent the counts were less than 100. It will be noted that the counts for each individual varied considerably, particularly for those in the susceptible group. This may be due to the fact that several months sometimes elapsed between examinations. Besides, it is practically impossible to obtain uniform counts from one individual even from one day to the next, since the paraffin chewing cannot regularly dislodge the same number of organisms from the teeth. Until a method for obtaining more uniform samples is worked out, this method is useful chiefly for comparative purposes.
While only one caries-free case stands out as being completely acidophilus-free during the 18 months, six of the remaining cases show counts so low as to be practically negligible, their average being under 75. The remaining three have somewhat higher averages (256, 779 3This same group of children was discussed in a recent paper byHubbell (5) on chemical studies of saliva in relation to dental caries. and 4,900, respectively), although in all three cases low or negative counts were frequently obtained. Case E. B., showing the highest figures for the caries-free group, was the only Negro. All the cariesfree cases showed one or more negative counts during the period of observation, thus indicating the transient nature of the infection in these cases.
Comparison of the broth cultures from tooth-scrapings and from saliva (our usual method of determining the presence of B. acidophilus in the mouth) shows that all in the susceptible group were positive.
In the caries-free cases, however, there were many more positive cultures from saliva than from tooth-scrapings. Of (fig. 10 ).
The count remained above 1,000,000 for several days, during which time large amounts of carbohydrate were consumed. Next, a moderate carbohydrate diet was begun (limited quantities of bread and potato allowed, but sugar and sweet desserts eliminated). Since ten days on this diet reduced the count only to 130,000, the very low carbohydrate diet was again prescribed, whereupon the count dropped to 4,500 in twelve days ( fig. 11) , and to the extremely low figure of 100 in eighteen days ( fig. 12) This modification involved increasing the acidity of the medium to pH 5.0, with lactic acid, and the agar content to 2 percent.
On this medium colonies of B. acidophilus of the smooth, rough, and intermediate phases may be differentiated from each other, and from the other mouth organisms, such as yeast, staphylococcus, M. tetragenus, and occasional streptococci, which tolerate this acidity. Most streptococci and staphylococci do not grow.
Methods for collection of saliva, dilution of the sample, and spreading on the plates are described. The number of B. acidophilus per cc. of saliva can thus be estimated.
In order to secure well-distributed colonies on agar plates, saliva from caries-susceptible patients requires a much higher dilution than does saliva from caries-free patients. In the latter group it is often necessary to employ undiluted saliva.
A group of fourteen caries-susceptible and ten caries-free children was cultured at intervals for 18 months. In the susceptible group, qualitative cultures showed B. acidophilus present in all cases from tooth-scrapings and from saliva. Quantitative estimations ranged from a few hundred to 500,000 per cc. of saliva, with a majority over 20,000. The average for 79 examinations was 60,000.
In the caries-free group, qualitative cultures showed B. acidophilus present in only 21 percent of tooth-scrapings, biut in 51 percent of salivas. Quantitative estimations of B. acidophilus in saliva ranged from 0 to 20,000, with a majority of counts 0-in 81 percent the counts were less than 100. The average for 69 examinations was 600.
While B. acidophilus is invariably present, and usually in great numbers, in the mouths of caries-susceptible subjects, in caries-free individuals its presence is variable and usually marked by few organisms.
By reducing carbohydrate in the diet to the lowest possible minimum, in a patient extremely susceptible to caries, B. acidophilus was decreased in 18 days from the very high figure of 1,800,000 per cc. of saliva to 100 per cc.
The advantage to be gained from applying this quantitative method to comparative studies of the aciduric flora of caries-susceptible and caries-free mouths, and to studies of methods of control of aciduric overgrowths, is indicated.
VI. REFERENCES
